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ABSTRACT : 

PROBLEM TO BE SOLVED: To provide a method for friction stir 
welding capable of welding two aluminum plates advantageously without 
forming a projection of a mark which is made by drawing out a pin of 
a rotation tool. 

SOLUTION: A cylindrical rod tool, which has one flatten surface of 
the tip 17 in the axial direction and a concave part 18 on the tip 
surface or a concave spherical surface of the tip, is rotated around 
the axis with the posture to which it inclined back to the direction 
for relatively moving to the butt part and the laminating part of the 
two aluminum materials 10, 12, or which it inclined to the laminating 
direction of the two aluminum materials, and at the same time, the 
cylindrical rod tool is inserted to the butt part, the laminating 
part 22, or a corner, and moved relatively, and on the other hand, 
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the friction stir welding process is done under the condition 
satisfying with the specific relation of the thickness and the 
diameter of the two aluminum materials and the depth of inserting the 
rod tool . 
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^•S. ^ftfeZoOT/US^A&tfl 
0. 1 2tfQ&ftlLX. m-^tU2 2tl^b^Xlt 
dZb<r>%u£?lz, mi Kit. (0 

^■■f) icto. zoor^s-^emio, 1 2 

[0 0 5 0] <X^T\ ZOOT^S-^A^IO, 1 

2 o« ^tu 2 2 izm &®m$ffi&nemi , mm 40 
gzft^xm&t&vx'h&tK zzx-it. *^shhe 

fe&blX. -O0)7)i>$-*;&Wttl 0, 12£®l£ 
K^fti6. o£>5\ 02KS$fts*n<. mbl 

X. P3t£im£mU IftC^ltno-^fflJO^ffi 1 7 

a*. n^ffit^fiTv^t^c. a^sftsgBi 70 
nmmz, ftm&mtmmtzms&mmobZii 

[0051] ZZX-m^tiZPi&ttOa-ym 50 
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iSftl6£&->T&» : r*«15raraaTi:? 

ttl 25rmiltT, fi£-£S2 2KMUitf.rfc* < ©6 

[0052] -ei/C, H5K*8ii6J:dlc, rfKOft 
S8Btfc 3*lfcn y FttfeA l 6 mm l 8jWBj£3 
*l4W0jfe«ffll 7»iWi*y3V»T, TiPS-^Attf 

1 oo±ffitcafo^$ttties$iTJtr;us-'7A« 

2 2<og^rai&sig^jsffistsjasait:*f^*, a 

mm) , m?tii£. m&ta22<w&im£m, 
xm&i#>tz%®x\ mem*** mz. 
%immi^x\ H5tzjs«»t^$ft.s*n<. 07 

1 2 iffllt 6 J: 9 iz LX . Jt£-£gS 2 2 (c 

£i&ts<r)X'h&. ztitzkix. mtt&22<?>m£ 
mmmmz&&zb%<. t^tinxhi. t 

tz, iOiS, a-y K«f6*l 6^«ffil 7fcjg»l 
8tJf^ri6]{C®^i»ffl!lg2 0 fc*f0figStlTV^feft, 

m?&-<?>mimmkmiz, ^t,mmumsm 
i o o 5 3 ] z z?i>, m&t&2 2m®m 

^2 2W»**Wfc#M-*Oy H«J6Jll 6<0l&m 
Ml 6fl«£iNB2 2fcW*S*A-X$r«*»». tA 

b%hfrt>x-hh. 

[0 0 54] ttz. *WBE»IHcfev\Tt>» flaw>EM6 
iWlfcWtfeii* t> J: 0 t^flcoo 7 Httifift l 60 
5feSSa5S: . ZOCOT^ 5 A«ttf 10,12 coS^ii" 
SP2 2KHLa^»lWWf»^*ff*1f«:3 fctfrcfc 

2 2ojgfflajaoaff* 5 +^^ff^i?n^<^i.. t 
titk. zzx-te, msitgi2 2t+iHzm.nLx. mm 
mim^mm^-xizmb^. $w%m&®m 

aw>-»A*jeK-4r^s->>A«5Wi 2<o«w (H5 

10.1 2^C0D >y h'^M 1 65fe«5W^i 
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X-mZ : r ■ s i n<9 (05+. mlZX^Ztl&^m) 

$mm]^rzmtf 1 mmmk%&j; ? tc. o 9 

ill 6<?^^gp&, ll^rSS2 2(c. +^S$THL 
ti — r • s i n 0< 1 

*»t-r*fr-c. o-y meshi 6v>?tm$. mtz 

g?2 2££U2,Aoo, MRffl¥&£4^£fr&bfrft 

[0055] -f-LT. J^*D&ttSrCfi£tf»2 2(0 10 
L&iflfcn y Kttf&ft 16*, JtiMal 
I^«2 2tlBr>t. S^BRttWhttK 

£9tt(cj: 0 . D -y Ftfi&A 1 6<05fe«ffl 1 70+*l> 

«2 2fcJ*|CflflH-*7rt'5-'W4K*fl 2*>4>3I§ 
[0056] *>< L/C, D7H««Rl6t SVHcM 

h^j^iowr/i-i-^Arai 0, 1 2<7M 20 

T*ii4>Zo*>7;l'5-'>i»«m 0. 1 2fc-*Wfc ' 
[ 0 0 5 7 3 Srfc , Z (0 J: 3 ttftttUff Ste*ft*:T , 

-^r^s-^A«^ 10,12 fem-&*«^r4iR 

(Ctt. **UZo<07/l'$-'WdRttl 0, 12c9&£ 
»3, iJWMUr, «^*»2 2fc:»->T»«S*l4« 

^a^ws* 1 . zo<or^5-^A«« io. 1203 

*>. ±«fcffl»ti:W)6*i*7;i'S-'>ASE»i 2^« 30 

[ o o 5 8 ] * at, z^mmmmxu. a - y h«ma 

1 6 flit****. S^HV2 2««6«7*fc:{a»frL 
*>£*ifci&£V, ZZfrt>3\Zm*tl&£ilz%^X^ 
Sfc*>, S£l^2 2a»^7*a t *S&:»£S:h.4 

fc&tc, ^b«®t$^«^7«jfaaiG^^^ 
*t»naj lt , sagas 2 2 <n%$mTm<7)%m> $> 40 

[0 0 5 9] d-IT'li, D»F«jftR16«jt 

«n 1 7 *»TBB»»k $iiT , *£ tttflaKonnee^ 

fcfc&fi* X oZVytfmmfettiX^K^tith. o 
•y Ktti&Rl 6£fi£tfgS2 2tf0«^7^*^?l#ft 

[0 0 60] £0«k3fc, 4MmilCJ:tltf. H»¥ 

xz&a-yVffihMiezm^hzktzX'o. jgagp 50 



WH200 3-18 165 5 
1 6 

•frL*5£fc ; 5r<» ZO<y)7/l'5-^Afi«l 0. 12 
*, S£tf*14fc*JHT, Wfcfc»a** 
k»«jtV»*»TftO. *<0fSSfcL/C. ]8EK^ft^A 
ZOOTVUS-^AlEtfl 0 , 1 2K 

[0061] ^ifcJgJBT'Ji. S.h&bZti&- 
rxrmv S -9 io, 1 2 to 3 *> . Jiffltaa t 

■c, o * rvaa, 1 6 <%t«Baw>^< t fc-aw*«i 

*47*5-9A«»12«>aWa»&, 07 ml 
6<7)5fci8SB<Ofia-£gS 2 2^7/1-$ BASES' 1 2 * 
JtaLfclS&*83**Lgi^fito&<l mm^itsft 
T, a-y HDtjftftl 60*JM» t ***«2 2 (CWL-C 

a*» io, i2*f, i o®^«^f B ^^ i> ^xm& 
ztimztkz&nx'hi. 

[0062] «yfc. 7*5-9 AfrfcfciRttoZO 

[oo63] t«r*>^ . zmmffiwas^mz* h~ 

r>ff>7)V * ^9 10,12 omialSl^^Srff^ 

pane H4fc*$<i*a<, jt-r, zo«o7*s-9 

ASfllO, 1 23*>, -*07;U5-9A«»1 0« 
±ffi±tc . «Cfir«7A' S - 9 A«H 1 2 Sr«JStl»*t« 

MJSMIO. 12 OCiSf <l LX . (Bl*Jgi5 2 4 

ft ) fciO. Zo«)7^S-9A«Etf 1 0, 

1 2#, WLi«ft«tf. t<9SSilS. 
[0064] ^WC. Z-3<07*5-9AS«10, 1 
2^MMffi24{d^«JWMHftt^l^». HlSfeft 
5-fflV^THtrtl.<0-C-3!>S* i . ££Tt±, 

$n^n-yH«}&ft2 8*^ m»t>tilZbk%i. Z 
tUZ£->X. mD»y K*^ft28fc*J^Ttt, tt* 
|6)0-*£7)5feffifflC Da«^iS2 6<0^Sa5*4iS 

mmmimihixh£o%vyi)mmSi.whixhzk% 

[0065] ^rfc. £On-y F«i&ft2 8(C*jJtSIH]*t 
«M26^)^@: RJi, »t»jeSfi4«,^)-Cli«rV^ 

ZXM. o >y H«^ft 2 8cO«fctrf6]-*c7)5tJ!§ffi^iatt 
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Sjcffi2 6 b&?Z blz£ ot . *»*>S3fefflSB3i>^^SIH 

mm 2 6 copras 2 4 ^>«2i»afe#t 

ti*tf Ltf>T . ZOWWS-^AStt 10. 1 2 £7)fH 

^2 4tw&a«MBF»^»fWfctji^, rang 

«£L«>fcftfcn y Kttfeft 2 8<D$fc3§a5£ Mftffi 2 4 

mOKUfi. o* PttfeA2 80j^*>Eltt*H2 6 
(c-CWKdHK Ubfcfi* J: p (cSroTV^i 0>-C*4 
UK *<7)£?%WWm2 6tfl 5mn.*i(^g : R 
ZG+imm b 2 *U4ft£(=li . [Htt«ffi 2 6 Ogfi $ *< 
SK&OJSrT. Zo^T^S-^A^l 0, 1 2<T> 

mm 2 4 «>fflffl«Bittfcj«-4jfflWfflfc. mmmm 

UHiihZbbKhfrbX'hb. itc. Z<r)Wm®2 

wmmmt Uzzb<.zi.hnm2 4<r>mm^<r> 
[0066] zhiz. zzx-m^ktihnmtW'yv 

*W6J»2 8t:*-j-Ctt. *4>¥ft: r*52 0mmHTt 
S*t"O^WUf&£>&K Mftfe^^, W><2 0mm 

mubxmt < Kc 0 , ^A-XiWMIHflWttflW lot 

[0067] -etT\ ®7bZ7FZti&£dl,z. *><<o*d 
MBSfcSiifcn v |«:Rj&ft2 8*, D3tti=J®2 60+ 
/frtfewc . KWzmteShZtlXSMZtdZ-itoT 

>u$=.vj>mio. i2izmmm24<Dm^m 

*Mt»l6S*. J.oj^*BWJ»2 4iC*fLT, Gfl« 
$ffi2 6>mffltfL#>£;h.l> e koC s HO07^5-'7 

a«e» 10,12 com&txmztt ixnm* l*> ^jb 

*tf*. BW«2 4fcilLatf<0"C*ft. Clflfcio 

ftJgffi*Wc£|c[B 2 6 1 $*u B.o*05fc«ifHcJS#|6| 
fcgtfSfflfi3 0#»j£3;h.TUSfc«>. fiiilS3S-&tf 

-\-ftiztmznx . wmizmitzti&kmz, toms 
urn* fiwmtutttx o%zb tfm±zti& zbb 

[ 0 0 6 8 ] «rtj. *K L/C. HU4ffi2 40£$ffltt« 
Co-y K«^2 8t7)5feffigS^IILiitflSC(i. ZO<0 

t^s^^asw 10,1 2os^-*(fi)c*rrsn-y 

H«?SM2 8c0li^S: atK 3 0" aTfcSfli. 
M«C^f>. #IgT"Ji. a? Ftt«y!:2 8£<S£HtL#> 
fcttBT. *«9Jfe«atc*»vt, IW*l«2 4fc£Latr 
iktiO. * 4 *»Sa-yHtt^ft28<05t«iSS*<. Tffll 
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t=fiHW-6 $ AStt i o m<n>mm 2 4 comm. 
4 wigassfi t $m 0 & < l#> & «t 5 fcfco x h 

tt. T(ISC{ittST;U5->7A«#10ffllC0PB^2 

m 2«mw»24<o«ifli«aj: ot^^uOT^ffl** 

10 [ 0 0 6 9 ] «e»-fttf«Z«)5aBBttt PW 
fc. D-yH«?6m285r. Rrt*240ftft*Mz*tl, 
TftflWUbfctt»T\ -eo5feffi3Cfe^T. R«2 
4lcliUMrJ:3fcLTfcJ*n. -f-Wct-^T. gsjgfli 
£ *) X A-XfcjtEltS W»* £ i: 

C0070] $^c, xmmmiz&^xh, m&>® 

CififttRtt^it* tf>- J: 0 i*gtf)n , y H «?&M2 8 
C05fe»§8$: . ZoOT/l^S 10,12 <0PRPSj 

»2 4 tin Lii^W^ffJffi: a t>OX'S> 
20 *fc«>, ^J:a«rDvH«ifi*2 8ftii«OBIW*2 

4^)isa»»**<av^s RJtsssfcJ: mm2 4 

££T'«. «W»2 4*-HHcaH*tT. ^I^iit* 

X\ Z.r><7)T)V$.-*7&®&\ 0 , 1 2coWf- (07fc 
fcV^Ttitt 2 CT^S<XS^) <0^IH1: ti + t 2 
ZOOT^S-^A^l 0, 1 2^07 h'tt 
?6ft2 85fe»^^a^S02fgO^S : 2 r • s i 
na (H7«k mlCT^$ni>^a02fSOii) SrHL 
30 g|V^fi*«lmm*Sft^5J:3t. n-yH«jftR28 

tfbh<r>xhh. it*). zzx'ii.tt&: 

ti + t2— 2 r • s i nor<l 

tste-rtwc, D.yH«f«2 8oft«»s. mm 

[0071] L? . ±a<«n*««T«W«240» 

^gffit&Jgcn La*nfco 7 mfeM 2 8^. ffitm« 
40 c»^»T«(cifli*»->T (07 +, tmizmuttft) 

2 8«EHttRffi2 6^«Ks6 t , 2 4 cOg^^TSS 

2 8c7)5t«g?&, nn»2 4«>^|»tt<. 
[ 0 0 7 2 3 *»< IX. D y K«ifeR2 82r . SV^fcfi 
ta^*)$^ZoOT;U5-^Afi«10, 12«0ia 

Hih-mT>V-~-*;J±WMl 0. 1 2t-*ttK» 
50 £T hcox-hh. 
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20 



ioo7 3]^a. zcoxo %&mmtite»Mzx , 

ZocOTA-S-^AStf 10.12 £«foPg|*lJg£-f S 
Rfctt. ^il^ZOOT^S 10. 1 2 

fttitttf. iMM24e&->?«ift*fc.*a 

■&g?«0JI$*^ Z^OT^S 10, 1 2 C0d 
*>, ±{ffl£&gtf L^ft&T^S^Z^m 20« 
W: ti^Jttri 0 5%JiLtc7)^t$nT^I.C:i: 

tmtyiihoxbh. 

[00 74] d-IT'li, D-y F#foR2 8<0$fcS8 10 
a52 4cOg^Tffl* { lillt^$^&i:ft(c, TOb 

t. mm2 4^m^mmm^m^zmnat 

[00 7 5] 3£>fc. «0t«IIUCl3V^Ttt. PBI3SI2 
4 L&**1* o -y Ftf&ft 2 80$fcSgffi#|HM£S£ffi 
2 6fc$*lT, tZlZitmkO'lBl&WimztSVlVytf 20 
fl58tt6*vO*S:Hfc*>. u-y F«j&j| 2 8 *Hft8 
2 40»^«F7*B*»fe9l#tkv^lBt:. ty<09l 

[ o o 7 6 ] zo x o te, *£HW1&£. Xiia % %8B 
36*D0tt«ii2 6 1 ?^d 7 H^ft2 8^fflV^ ^fc 

JtHocOT/PS-^AKffl 0. 1 2£, PSl*]g?2 4(C 
fcwt, WWcJ8^t4;t3&fBHgfc«roTV^OT» 30 

OOT^S-^ASWI 0. 1 2fc*tt-*«£ii-&£ 

[00 7 7] «tM»JBTI4. Zo07;P5-^ 
10.12 0>ft|f1KV4>6 , o -y K«teR2 84) 
5fe«SOPSl*lgK 2 4 <0 2 feco^S-M t 

m^tzmtfimmmtzti-c D-yK«?&ft2 8<o$fc 
mutmm 2 a tT+#&&$ t* ta^ao 
»aa«tf«^ii#jwiw>4>/i*j:^fc*->rv^k 40 

Zo^r^S->>A«E»l 0. 1 2«<, 

ttfifcateiHWfc i> orsteSto** zbb tnh<nx-h 
h. 

[ 0 0 7 8 ] t z bx\ mzE.-offymsmx-\t. &m 

mm$£ZtL&<Z7iH-*72>ttk IX, --0<r)T)V 
S-r^Alffio, l 2^fflv^^>i^Tv^*\ -ecoffi, 

w ^ti^m^zm^h^tz^mx \ mw±mvz 



h zti>. iow&mvh 1 . 

1 0 0 7 9 ] ifc, fflE^-a^mz^lQfi^ffitli, 
D-y K«j&ai 6c05feSffil 7tiR»t«.*l4S»l 8fc 

)B. mmkmt. mztiizmMztiz^oxu* 

WC**. fciX. mx.tt. m8<Z7j%Ztl&£ol,z. 
o>y H«»A1 6<05fe«ffil 7iC, SWCffi*>JWr*« 

mmm3 2i. zti?timjftizm%.v>mmzm 
x. mmiz{mzitfi:mx<*&v. *tit>(om32 

3 4 omm , 5fe^a 1 7*>«w>a> mmmz 
m^> xummzm/h £ 0 izb& l , *ti t><om 3 

4&\mb&tZi:i>nimX'b&. H10t=^§ 

I^ioCMU *iit><r)&m3 6&wmklXffi 
^UcO, JEKtt. 11 lfttfflBl 2fc3*$*U)*n<, 
5feffiS 1 7 0^ffi>°?^<i-g?t . 5V Hcfti LJt/tSB 3 

8mwbm±mm, mmz&vzimv. mm 
*m\muzitfzimx\ mx. ttit><7)K&38 

[0080] 

miwzzmizyibMzt h zttti t>K *m 
*k *<r>± ozmtmnffi&izx^x. mmw*i> 

SttifcOt^v^fctt. Wo&X'W>tZbX'h 
4. *fMBtU. OT^HSfeMcoffiCt. jet 

*>\ w&tihKzx-bh. 

[0081] <mmi>ftf. : 1. 2mm, 
if§: 7 0 0mm, ^$ : 1 2 0 0 mmcO^C06 0 0 0 
Jk7>V$.-*7&-&<kimb. ff§ : 0. 8mm. fl: 7 
0 0mm, : 1 2 0 0mmO®gc96 0 0 03k7)V. 

mi-n. mmk^k lt. eg = 1 6mm<?)ii!fo 

Stftfc, a^&ftigffifc, H:15mm.^0. 
6mm^»*>*l5(tfen7tD-y K«»ft*JWtLfc. 
[0082] IMI«*ife 2t5c<7)«|fi«S: . 

m®±tz&^xz\.^mz-&hitxm.ix. 

^)«^« tfi ft 4 te^BBtt«K:»J6 L . S.-?*co££ 
^«0«^*|6HC« LT 3 • <7)Mm&X®MZittz& 
®X\ %^&Vltefflm£.mMZikt:. Z<ry&. o 

■yK#?&JI£, 200 0rpmT'l«)$[lIlc$-ltO'5, 
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t, m&tm&tx. n&mmnzfofrix. 50 

Omm/ftOSOifflSTI^ijStf, *LT, OvKttfe 

0. 58mmT\ *MllZiS^X18feZtllkZ?>e)l 
[0083] -J-LT, jK LTftWlfcSteflcfcJHK 

WX'hhZktK TOSfifc. *>*>l>&£#<0£ 
fc. Etc, IO«-g#<^^SI5fc:*htS&«^H^fttf 
*Kt5V^TWn.«<OJ«^Ffi* J »4-l4i*, flitf. its 

mmmt ix-HHzmm*z hnx-hhzkw. 

[0 0 84] <3QfcW2>5fei\ JfS : 1. 2mm, 

6 0 0mm, : 1 6 0 0mm<O3g^<96 0 0 0 
%7fr$-VM>&&mtb. : 0. 8mm, fla : 6 
0 0mm, : 1 6 0 0mm<7tf©£<06 0 0 0^7/P 

s-«>A^A«tf<o«e*i«i ukt-iz&mb txm 

cot RMOO? KttfeJtefllfllLfc. 

[0085] <?:rt,. mmtiK2t$wmm<?)o 

awe , ±ffl{cfiai-s«ss«^Eocoiaiia5c7) 3 *> , 
tmicnmi. K-o^m^^c^^umzntx 3 

fc. n y Fttteft* ,2000 r pmTitail] 

tt£«iItfW>T, «^MWc«La*, Sic, 
•Ci&ot. «^7»t|6)*>oT, 5 0 0mm/* 

<r>mm.x&m*t. tix. a^ytwai.^mi 
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0. 7 8mmT. **Wfci«vC«£Sit*fc£;5 > 0>l 
mmiOfc/hSfrffifc&o-O^. 

[0086] -eu-c, *>< Lx^htd^mmw 
mumm 1 1 n«c ix , $£f*o&ga *£«£*t 

*7**>Mfilci3VvCt,, fi^WiSftiiiif. £ 
ifc. frlE«SMlt|al«tLT, ^»<0S^S5fc:St 

lt, z<7)£o %®$mztt Lxmfecoruzmzn 

20 [0 087] <Hii^J3>5fe-f, J*S : 1. 2mm, 
H: 6 0 0mm, : 1 6 0 0mm(7)$gjg<06 0 0 0 
^r^i-^A^^tft, Jf§ : 0. 8mm, lg : 6 
0 0mm, : 1 6 0 0 m mc03©gc7) 6 0 0 0^7^ 

s -w^wftft i &rr>immk txm 

mi-Hs mSbZkLX* fiS: 16mm<0lBS!SO 

9. m^-if^mimkmmk^tL 

[0 088] Jwis*ifc2tt<o«Ktroa'fe. 
mzom^mmimiz, mzm^mmnhs 

mi#>t:%&x\ 2ft<?>mmcr>mtmzimi$-£ 

fc. -ecoft, n -y 2 0 0 0 r P mT«ailI 

40 Wc. B«»fc»oT, «£*7«BWfcl<W^T. 5 0 
Omm/^cOiMOiUgT'^IS^ii:, *LT. D-yK«fe 

jw&ubwp&#* m&m&&Tfflznms>ts. 

■{CjtLfc^T, o-yH^Sc05fe«SI5$-PSl*ia5*><i> 

^Tm^i^^L, jar*nfe2tt^ttK»*«--*w 
izmmmGZixxtczn&wr&z. Kca. zzx 
vmmsmsmx'ii. 2&v>&mi<?)&mmfr 

0-yH*^^cr>lia^$02fS<7)fflSrML?|V^ 
ffi*^0 . 6 1 mmf, tSmzitoYClg&Ztll k Z 
50 ^COlmmiOM^^^tUS. 
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[0089] -f-LT. fr<ixmtit:nfe#tm\ 
1*. £*itj:->-c, izttf. mm 

fife. «K«tWiaV2i:H*t=UT, flte* 
[0090] 

5:. foS^gSfc, BICttJ(aey^lilkH0>6&*a 
[BnolHL&IM] 

[0i ] *^B^ffitc^-5T. zoor/us 

t»91Brc*oTs «£3fi6*CfcZo*>7;l'$-'>A 
[02] *#H*iSfcflS->T. Zoor^S-^AflS- 

[03] ZW^S-WffJ 
wrtftflHT^oT. ZooryPS-^^SWS^iflJ 
[04] *»»^ftfc:fl&->T, Zo*)7/l'$-*Mf* 

[05] *wmmz®.r>x. -mrim-tAm 



(13) ^2003-181655 

24 

^tiWBEa-CftoT. fito£i>3ilfcZO*>7/W$-'> 

*. 

[06] ♦JWWifefcfco'C, Zotf>7;P$-$Atffc 
[07] *JMH#8*:fiS->T. Zo*>7;US-*A*f* 

[08] *WB*tttefJ«9T, ZoW^S-^Mte 

[09] *m&miz&~>x. -o<7)7>^-^mi 
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